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(54) FILM EXCELLENT IN SLIDING CHARACTERISTIC 

(57)Abstract 

PROBLEM TO BE SOLVED: To prepare a film capable of attaining improvement in all of sliding characteristics, that is, 
improvement of wear resistance, seizure resistance, and oxidation resistance and reduction of friction coefficient. 
SOLUTION: This film is a composite body constituted of at least two metal nitrides among the nitrides of Cr, Ti, Al, and 
V. In the X-ray diffraction peak of this composite body, the intensity ratio 1(1 1 1 )/l(200) between X-ray diffraction peak 
intensities 1(1 1 1) and 1(200), occurring between the X-ray diffraction peaks of (1 1 1) plane and (200) plane of 
respective metal nitrides constituting the composite body, is regulated to 3-6. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely: 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



LCIaimtsJJ , , . 

[Claim 1] the nitride of Cr. Ti, aluminum, and V — intensity-ratio I (111) / I (200) of the strength (I (111) and I (200)) of 
the X-ray diffraction peak produced between the X-ray diffraction peaks of the field (1 1 1) of each metal nitride which 
it is the complex which consists of at least two sorts of metal nitrides inside, is the X-ray diffraction peak which this 
complex shows, and constitutes the above-mentioned complex, and (200) a field Hard anodic oxidation coatings which 
are 3-6. 

[Claim 2] Each metal nitride which constitutes such a hard anodic oxidation coatings is put upon a claim 1 by turns, a 
layered product is formed, and it is the laminating hard anodic oxidation coatings whose neighboring thickness is 
1-600nm much more. 

[Claim 3] The granular compound hard anodic oxidation coatings whose particle size of each of that grain each metal 
nitride which constitutes such a hard anodic oxidation coatings is granular to a claim 1, compounds with it, granular 
complex is formed, and is 0.4-600nm. 

[Claim 4] The hard anodic oxidation coatings according to claim 1 whose thickness is Inm - 30 micrometers. 
[Claim 5] The laminating hard anodic oxidation coatings according to claim 2 whose thickness of the whole layered 
product is 1 nm - 30 micrometers. 

[Claim 6] The granular compound hard anodic oxidation coatings according to claim 3 whose thickness of the whole 
granular complex is 1nm - 30 micrometers. 

[Claim 7] The cutting tool which comes to use the cemented carbide which covered either the claim 1 or the hard 
anodic oxidation coatings given in 4, the claim 2, the laminating hard anodic oxidation coatings given in 5 or the granular 
compound hard anodic oxidation coatings according to claim 3 or 6 on the front face, a cermet, a ceramics, an iron 
system alloy, and an aluminium alloy. 

[Claim 8] The machine part which comes to use the cemented carbide which covered either the claim 1 or the hard 
anodic oxidation coatings given in 4, the claim 2, the laminating hard anodic oxidation coatings given in 5 or the granular 
compound hard anodic oxidation coatings according to claim 3 or 6 on the front face, a cermet, a ceramics, an iron 
system alloy, and an aluminium alloy. 

[Claim 9] The moving part which comes to use the cemented carbide which covered either the claim 1 or the hard 
anodic oxidation coatings given in 4, the claim 2, the laminating hard anodic oxidation coatings given in 5 or the granular 
compound hard anodic oxidation coatings according to claim 3 or 6 on the front face, a cermet, a ceramics, an iron 
system alloy, and an aluminium alloy. 
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DETAILED DESCRIPTION 



[Detailed Description of the invention] 
[0001] 

[The technical field to which invention belongs] This invention is excellent in abrasion resistance, seizure-proof nature, 

and oxidation resistance, and relates to the coat with a high sliding property low [ coefficient of friction ]. 

[0002] 

[Description of the Prior Art] Conventionally, surface treatment for raising the sliding property has been performed on 
the parts used for the sliding sections, such as an engine of an automobile, and various machines. This sliding property 
is determined by abrasion resistance, seizure-proof nature, oxidation resistance, and friction nature. In order are total 
and to raise these properties, reforming or covering according a bill-of-materials side to a nitriding treatment, plating 
processing, thermal-spraying processing, and a physical vapor deposition etc. has been tried. For example, it is 
indicated by JP,1-52471,B and JP.62-1 20471,A that the surface coating by the physical vapor deposition shows the 
outstanding sliding property. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the service condition of a sliding member is still severe recently, 
and it is necessary to aim at further enhancement in the sliding property of the surface coating by the physical vapor 
deposition. 

[0004] Although seizure-proof nature is high, since a degree of hardness is not enough, the surface coat which 
consists of a nitride of Cr obtained by the physical vapor deposition does not have enough abrasion resistance. 
Furthermore, it does not have the oxidation resistance like the nitride of aluminum. Moreover, although the surface coat 
which consists of a nitride of aluminum obtained by the physical vapor deposition has high oxidation resistance, neither 
seizure-proof nature nor its abrasion resistance is enough. Furthermore, as for the surface coat which consists of a 
nitride of Ti obtained by the physical vapor deposition, neither [ seizure-proof nature and ] wear-resistant nor 
oxidation-resistant are enough. Although the surface coat which consists of a nitride of V obtained by the physical 
vapor deposition further again has seizure-proof nature and high abrasion resistance, its oxidation resistance is not 
enough. 

[0005] Moreover, the laminating of the bilayer from which the gestalt of the crystal growth of the nitride of Cr is 
different is carried out to JP.8-31 2779.A or JP,8-212779,A by turns, chip occurrence is suppressed or controlling the 
stacking tendency of the nitride of Cr and raising chip-proof nature is indicated. 

[0006] However, as for the further enhancement in a sliding property, it is inadequate to plan only the part of abrasion 
resistance, seizure-proof nature, oxidation-resistant enhancement, or the reduction-izing of coefficient of friction, and 
it is necessary to attain all enhancement in them, or reduction-ization. 

[0007] Then, this invention aims at offering the coat which aims at enhancement and enhancement in all the sliding 
properties of reduction-izing of coefficient of friction for abrasion resistance, seizure-proof nature, and oxidation 
resistance. 
[0008] 

[Means for Solving the Problem] It is the complex which consists of at least two sorts of metal nitrides inside, this 
invention — the nitride of Cr, Ti, aluminum, and V — It is the X-ray diffraction peak which this complex shows. 
Intensity-ratio I (1 1 1) / I of the strength (1(111) and I (200)) of the X-ray diffraction peak produced between the X-ray 
diffraction peaks of the field (111) of each metal nitride which constitutes the above-mentioned complex, and (200) a 
field (200) It is what solves the above-mentioned technical probrem by being referred to as 3-6. It is. 
[0009] each property of the abrasion resistance which discovers a sliding property since the complex which 
compounded at least two sorts of four sorts of metal nitrides is used, seizure-proof nature, oxidation resistance, and 
coefficient of friction — inside, while the outstanding above-mentioned property which each metal nitride simple 
substance which constitutes complex has expresses, when the enhancement in the above-mentioned property as 
which a metal nitride simple substance was not enough combines each metal nitride, it sees For this reason, abrasion 
resistance, seizure-proof nature, and oxidation resistance can be raised. Moreover, intensity-ratio I (11 1) / I (200) If it 
is the above-mentioned value, since a coat will carry out orientation to a field (111), a reduction of coefficient of 
friction can be aimed at 
[0010] 

[Embodiments of the Invention] Hereafter, the operation gestalt of this invention is explained. 

[001 1] this invention — such a hard anodic oxidation coatings — the nitride of Cr, Ti, aluminum, and V — it consists of 
at least two sorts inside As combination, the nitride (CrN) of Cr, the nitride (TiN) of Ti, the nitride (AIN) of CrN and 
aluminum, the nitride (VN) of CrN and V, TiN, AIN, TiN, VN and AIN, VN, CrN and TiN, AIN, CrN and TiN, VN, TiN and AIN. 
VN, CrN and TiN, and AIN and VN are raised. And the abrasion resistance, the seizure-proof nature, and each 
oxidation-resistant property of these complex show the property of the direction of having excelled when the property 
shown alone, respectively was compared. Moreover, with some combination, the enhancement in the above-mentioned 
property shown alone, respectively is seen. 

[001 2] Namely, while the height of the seizure-proof nature of CrN simple substance appears, as for the complex of 
CrN and AIN, the oxidation-resistant height of AIN simple substance appears. Oxidation resistance becomes high 
because the oxidizing zone of firm aluminum is made at the time of the oxidization on the front face of CrN and 
advance of oxidization can be stopped. Moreover, since a degree of hardness will improve if these are combined 
although neither CrN simple substance nor AIN simple substance is enough, abrasion resistance of abrasion resistance 
improves. Although the cause of this degree of hardness is not clear, each crystal lattice is distorted by deforming into 
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AIN of fee to which stable hexagonal AIN which is generally reference condition is said that a degree of hardness is 
high, or both compounding, and it is considered because compressive residual stress has occurred in a layer. 
[001 3] As for the complex of CrN and TiN, the height of the seizure-proof nature of CrN simple substance appears. 
Moreover, although neither CrN simple substance nor TiN simple substance is enough, if these are combined, any 
property of abrasion resistance [ oxidation resistance and ] will improve. 

[0014] As for the complex of CrN and VN, the height of the seizure-proof nature of CrN simple substance and VN 
simple substance appears. Moreover, the wear-resistant height of VN simple substance appears. Furthermore, although 
neither CrN simple substance nor VN simple substance is enough, if these are combined, this property of oxidation 
resistance will improve. 

[001 5] The height of the oxidation resistance [ complex / of TiN and AIN ] of AIN simple substance appears. Moreover, 
although neither TiN simple substance nor AIN simple substance is enough, if these are combined, any property of 
abrasion resistance [ seizure-proof nature and ] will improve. It is thought of for a degree of hardness to increase by 
these composites that abrasion resistance improves. 

[0016] As for the complex of TiN and VN, the seizure-proof nature and the wear-resistant height of VN simple 
substance appear. Moreover, although neither TiN simple substance nor VN simple substance is enough, if these are 
combined, this property of oxidation resistance will improve. 

[001 7] As for the complex of AIN and VN, the seizure-proof nature and the wear-resistant height of VN simple 
substance appear. Moreover, the oxidation- resistant height of AIN simple substance appears. 

[001 8] As for the complex of CrN, and TiN and AIN, the height of the seizure-proof nature of CrN simple substance 
appears. Moreover, the oxidation -resistant height of AIN simple substance appears. Furthermore, although neither CrN 
simple substance nor TiN simple substance nor AIN simple substance is enough, since a degree of hardness improves 
by composite with CrN simple substance and AIN simple substance as above-mentioned, abrasion resistance of 
abrasion resistance improves. 

[001 9] As for the complex of CrN, and TiN and VN, the height of the seizure-proof nature of CrN simple substance and 
VN simple substance appears. Moreover, the wear-resistant height of VN simple substance appears. Furthermore, 
although neither CrN simple substance nor TiN simple substance nor VN simple substance is enough, this property of 
oxidation resistance improves by composite with CrN simple substance and VN simple substance as above-mentioned. 
[0020] As for the complex of TiN, and AIN and VN, the height of the seizure-proof nature of VN simple substance 
appears. Moreover, the wear-resistant height of VN simple substance appears. Furthermore, the oxidation-resistant 
height of AIN simple substance appears. 

[0021] As for the complex of CrN, TiN, and AIN and VN, the height of the seizure-proof nature of CrN simple substance 
and VN simple substance appears. Moreover, the wear-resistant height of VN simple substance appears. Furthermore, 
the oxidation-resistant height of AIN simple substance appears. 

[0022] In order to raise a sliding property, the need has a reduction of coefficient of friction which is another property 
in addition to the enhancement in the above-mentioned seizure-proof nature and each wear-resistant and acid-proof 
property. This can be performed by raising the stacking tendency of the hard anodic oxidation coatings formed with the 
complex of two or more above-mentioned metal nitrides. Namely, intensity-ratio I (1 1 1) / I of the strength (I (1 1 1) and I 
(200)) of the X-ray diffraction peak produced between the X-ray diffraction peaks of the field (111) of each metal 
nitride which is an X-ray diffraction peak over the above-mentioned complex, and constitutes the above-mentioned 
complex, and (200) a field (200) Being referred to as 3-6 is good. 

[0023] The peak observed in the mid-position of the spacing of the same fields when the X-ray diffraction peak of the 
hard anodic oxidation coatings which consists of the complex of two or more metal nitrides considers that the 
crystal-lattice structure of each selected metal nitride is fee type is included. It is got blocked, for example, in the case 
of the complex of CrN and TiN, a peak (P (111)) is observed in the mid-position of the spacing of the field (11 1) of 
fcc-CrN, and the field (111) of fcc-TiN. Since what is depended since the crystal lattice of metal nitrides is in 
agreement, and both have compounded on nm level, the peak observed at this time is considered because the 
diffraction line from both field interfered. Moreover, a peak (P (200)) is similarly observed about a field (200) in the 
mid-position of the spacing of the field (200) of fcc-CrN, and the field (200) of fcc-TiN. Since coefficient of friction is 
reduced so that the stacking tendency of crystal- lattice structure is high Peak P resulting from the field (111) at the 
time of considering that the crystal structure is fee (111) On-the-strength I (1 1 1) Peak P resulting from a field (200) 
(200) On-the-strength I (200) Intensity-ratio I (1 1 1) / I (200) If 3-6 Since the stacking tendency to the field (1 1 1) of 
the hard anodic oxidation coatings which consists of the above-mentioned complex increases, it is desirable. If the 
above-mentioned intensity ratio is less than three, since the stacking tendency to the field (1 1 1) of the hard anodic 
oxidation coatings which consists of the above-mentioned complex falls, it may be hard to lead to a reduction of 
coefficient of friction. Moreover, 6 is enough as the point of manufacture luminous efficacy to the above-mentioned 
intensity ratio although the above-mentioned intensity ratio may exceed 6. 

[0024] P (11 1) And P (200) A peak position changes with above-mentioned complex. Specifically, in the case of the 
complex of CrN and AIN, it is P (1 1 1). 2.37 - 2.40** sees and it is P (200). 2.06 - 2.07** sees. 

[0025] In the case of the complex of CrN and TiN, it is P (1 1 1). 2.39 - 2.45** sees and it is P (200). 2.06 - 2.1 3** sees. 

[0026] In the case of the complex of CrN and VN. it is P (1 11). 2.38 - 2.40** sees and it is P (200). 2.06 - 2.07** sees. 
[0027] In the case of the complex of TiN and AIN, it is P (1 11). 2.37 - 2.45** sees and it is P (200). 2.06 - 2.13** sees. 
[0028] In the case of the complex of TiN and VN, it is P (111). 2.38 - 2.45** sees and it is P (200). 2.06 - 2.13** sees. 
[0029] In the case of the complex of AIN and VN, it is P (1 11). 2.37 - 2.39** sees and it is P (200). 2.06 - 2.07** sees. 
[0030] In the case of the complex of CrN, and TiN and AIN. the complex of CrN, and TiN and VN. the complex of TiN, 
and AIN and VN, or the complex of CrN. TiN, and AIN and VN, 2.37 - 2.40** sees and P (1 1 1 ) </SUB> is P (200). 2.06 - 
2.13** sees. 

[0031] Various kinds of structures can be used for the structure of the hard anodic oxidation coatings which becomes 
this invention from such above-mentioned complex. For example, as shown in drawing 1 , that by which each metal 
nitrides 2 and 3 which constitute the above-mentioned hard anodic oxidation coatings are put upon the front face of a 
base material 1 by turns, and formed the layered product 4 in it is raised. In drawing 1 , although it is the pile of two 
sorts of metal nitrides, you may be the layered product 4 of three sorts or four sorts of metal nitrides. 
[0032] Moreover, as shown in drawing 2 , each metal nitrides 5 and 6 which constitute the above-mentioned hard 
anodic oxidation coatings are granular on the front face of a base material 1 respectively, and what these compounded 
and formed the granular complex 7 is raised to it In drawing 2 , although it is composite of two sorts of metal nitrides. 
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you may be the granular complex 7 of three sorts or four sorts of metal nitrides. 

[0033] Furthermore, what was made into the alloy nitride using the alloy of each raw material metal which constitutes 
the above-mentioned hard anodic oxidation coatings can be used. This may form a hard anodic oxidation coatings by 
this alloy nitride independent, and may supply this as one constituent of the above-mentioned layered product 4 or the 
granular complex 7. 

[0034] When forming the above-mentioned layered product 4, as for a neighboring thickness, it is much more good the 
to be referred to as 1-600nm. If it separates from this domain, the case where the enhancement in the 
above-mentioned property which appears when the laminating of two or more sorts of metal nitrides is carried out is 
not observed will arise. 

[0035] Moreover, when forming the above-mentioned grain complex 7, as for the particle size of each grain formed, it is 
good to be referred to as 0.4-600nm. If it separates from this domain, the case where the enhancement in the 
above-mentioned property which appears when two or more sorts of metal nitrides are compounded is not observed 
will arise. 

[0036] In addition, in order to make the above-mentioned property express in these cases, the rates of addition of two 
or more sorts of metal nitrides may differ. 

[0037] The thickness of the hard anodic oxidation coatings 4 which consists of the above-mentioned above-mentioned 
complex, i.e., a layered product, and the whole granular complex 7 has Inm - good 30 micrometers. The 
above-mentioned property may not be observed in less than 1nm. Moreover, although 30 micrometers may be 
exceeded, since the further enhancement in the above-mentioned property is seldom seen, 30 micrometers is enough 
as it 

[0038] The above-mentioned layered product 4 or the above-mentioned granular complex 7 can prepare the interlayer 
of one or more layers between a base material 1, the layered product 4, or the granular complex 7 for the purpose 
which raises the adhesion force with a base material 1, or controls a stacking tendency. Moreover, it is possible to coat 
the front face of the layered product 4 or the granular complex 7 with the layer which consists of the other matter of 
the above [ **** / jt being granular and compounding /, and ]. / raising a sliding property more / carrying out the 
laminating of the matter other than the above-mentioned metal nitride, in order are / intensity / sufficient in slight 
strength and to control a stacking tendency 

[0039] The hard anodic oxidation coatings 4 which consists of the above-mentioned complex, i.e., a layered product, 
and the granular complex 7 can be covered on the front face of the tool which consists of various kinds of materials, or 
parts. As this material, a cemented carbide, a cermet, a ceramics, an iron system alloy, an aluminium alloy, etc. are 
raised. As the above-mentioned cemented carbide, WC base cemented carbide which makes WC a principal component 
is raised. As the above-mentioned ceramics, silicon carbide, silicon nitride, an aluminium nitride, an alumina, boron 
nitride, a boron carbide, glass, a diamond, etc. are raised. As the above-mentioned iron system alloy, high-speed steel, 
stainless steel, SKD, etc. are raised. 

[0040] Moreover, as an above-mentioned tool and above-mentioned parts, a cutting tool, a machine part, a moving part, 
etc. are raised. Also in these, if it is made adapted for a cutting tool, a golden die parts, and internal combustion engine 
parts, sufficient effect can be demonstrated. 

[0041] Production of the hard anodic oxidation coatings 4 which consists of the above-mentioned complex, i.e., a 
layered product, and the granular complex 7 can be performed by physical vapor depositions, such as an ion plating, 
vacuum arc discharge vacuum evaporations and sputtering. Since membrane formation temperature does not become 
high, these can suppress a transformation of the crystal structure comparatively produced at low temperature in an 
iron system alloy etc. 
[0042] 

[Example] The example of this invention is shown below. 

[0043] (Example 1) As a raw material metal, the metal shown in Table 1 was used and the hard anodic oxidation 
coatings was formed in the base-material front face by the vacuum arc discharge vacuum deposition. The hard anodic 
oxidation coatings at this time carried out the vacuum evaporation© of each raw material metal under the nitrogen gas 
ambient atmosphere by turns, and made the layered product form. The thickness of the thickness of each class in a 
layered product and the whole layered product is as being shown in Table 1 . Moreover, the diffraction peak of an X-ray 
is the diffraction which made CuK alpha rays the incidence X-ray, and measured the peak intensity ratio (I (11 1)/I 
(200)) from this peak 

[0044] Coefficient of friction of the obtained hard anodic oxidation coatings, abrasion loss, and the rate of a torque 
reduction were measured by the following technique. In addition, "/" of "CrN/TiN" shows that both the metals nitride 
has a laminated structure in the card column of the coat structure of Table 1. 

[0045] Using SUJ2 as measurement partner material of coefficient of friction, as the rotational speed of 52mm/s, and 
load 10N, the ball-on disk examination was performed in the atmospheric air or the engine oil, and coefficient of friction 
was measured. 

[0046] The cross section of the abrasion produced with the measurement pin-on disk testing machine of abrasion loss 
was measured, and the value of each hard anodic oxidation coatings when setting the value at the time of using 
SUS304c in the sample 1 of the following example 1 of a comparison to 10 was computed as abrasion loss. 
[0047] The torque in the motoring examination when coating a hard anodic oxidation coatings, having used the 
cam-SIMM section of the measurement engine parts of the rate of a torque reduction as the base material was 
measured. At this time, the rate of a reduction from the amount of torque at the time of carrying out by SUS304c in the 
sample 1 of the following example 1 of a comparison was computed as a rate of a torque reduction of each hard anodic 
oxidation coatings. 
[0048] 
[Table 1] 
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[0049] (Example 2) As a raw material metal, the metal shown in Table 2 was used and the hard anodic oxidation 
coatings was formed in the base-material front face by the vacuum arc discharge vacuum deposition. The hard anodic 
oxidation coatings at this time carried out the vacuum evaporationo of each raw material metal prepared separately 
under the nitrogen gas ambient atmosphere almost simultaneous, and made granular complex form. The thickness of 
the whole layered product is as being shown in Table 1. The diffraction peak of an X-ray is the diffraction which made 
CuK alpha rays the incidence X-ray, and measured a half peak width to particle size for the peak intensity ratio (I 
(1 1 1 )/l (200)) from this peak. 

[0050] Coefficient of friction of the obtained hard anodic oxidation coatings, abrasion loss, and the rate of a torque 
reduction were measured by the above-mentioned technique. In addition, " shows " of "ON, TiN", and that the granule 
of each metal nitride forms complex in the card column of the coat structure of Table 2. 
[0051] 
[Table 2] 
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[0052] (Example 3) As a raw material metal, the metal shown in Table 3 was used and the hard anodic oxidation 
coatings was formed in the base-material front face by the vacuum arc discharge vacuum deposition. The hard anodic 
oxidation coatings at this time carried out the vacuum evaporationo of the alloy of each raw material metal under the 
nitrogen gas ambient atmosphere, and made granular complex form. The thickness of the particle size in a layered 
product and the whole layered product is as being shown in Table 1. Moreover, the diffraction peak of an X-ray is the 
diffraction which made CuK alpha rays the incidence X-ray, and measured a half peak width to particle size for the 
peak intensity ratio (I (1 ll)/l (200)) from this peak. 

[0053] Coefficient of friction of the obtained hard anodic oxidation coatings, abrasion loss, and the rate of a torque 
reduction were measured by the above-mentioned technique. In addition, that the card column of the coat structure of 
Table 2 shows "(Cr+Ti )N" shows having nitrided the alloy of each raw material metal. 
0054] 
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[0055] (Example 1 of a comparison) The coat which consists of a sample shown in Table 4 was made to form in a 
base-material front face by the vacuum arc discharge vacuum deposition. The diffraction peak of an X-ray is the 
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diffraction which made CuK alpha rays the incidence X-ray, and measured the peak intensity ratio (I (1 1 1)/| (200)) from 
this peak. 

[0056] Coefficient of friction of the obtained hard anodic oxidation coatings, abrasion loss, and the rate of a torque 
reduction were measured by the above-mentioned technique. In addition, "/" of "CrN/TiN" shows the same meaning 
as the above in the card column of the sample of Table 1. 
;0057] 

Table 4] 
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[0058] (Example 4) As a raw material metal, the metal shown in Table 5 and 6 was used, and the hard anodic oxidation 
coatings was formed in the base-material front face by the vacuum arc discharge vacuum deposition. The hard anodic 
oxidation coatings at this time is the coat which carried out the vacuum evaporationo of the alloy of two sorts of raw 
material metals, and one sort of remaining raw material metals by turns, and formed the layered product, the coat which 
carried out the vacuum evaporationo of three sorts of raw material metals by turns, and formed the layered product, or 
a coat which carried out the vacuum evaporationo of three sorts of raw material metals almost simultaneous, and 
formed granular complex. The thickness of the whole layered product is as being shown in Table 1. In addition, "(Cr+Ti 
)N/AIN" shows that it is the layered product of the nitride of the alloy of Or and Ti, and AIN in the card column of the 
coat structure of Table 5 and 6. "CrN/TiN/AIN", and "CrN, TiN, AIN" are the same meanings as the above. 
[0059] The diffraction peak of an X-ray is the diffraction which made CuK alpha rays the incidence X-ray, and 
measured a half peak width to particle size for the peak intensity ratio (I (1 1 1 )/l (200)) from this peak. 
[0060] Coefficient of friction of the obtained hard anodic oxidation coatings, abrasion loss, and the rate of a torque 
reduction were measured by the above-mentioned technique. 
[0061] 
[Table 5] 
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0062] 
Table 6] 
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[0063] a result — any — while coefficient of friction decreased and abrasion loss decreased compared with the 
example of a comparison, the rate of an example of a torque reduction improved From the enhancement in the rate of a 
torque reduction, it can be judged that seizure-proof nature and oxidation resistance improved. Moreover, since 
abrasion loss decreased, it can be judged that abrasion resistance improved. 
[0064] 

[Effect of the Invention] each property of the abrasion resistance which discovers a sliding property since the complex 
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which compounded at least two sorts of four sorts of predetermined metal nitrides is used according to this invention, 
seizure-proof nature, oxidation resistance, and coefficient of friction — inside, while the outstanding above-mentioned 
property which each metal nitride simple substance which constitutes complex has expresses, when the enhancement 
in the above-mentioned property as which a metal nitride simple substance was not enough combines each metal 
nitride, it sees For this reason, abrasion resistance, seizure-proof nature, and oxidation resistance can be raised. 
Moreover, if it is the value of the predetermined domain of the above [ intensity-ratio I (1 1 1) / I (200) ], since the 
orientation to the field (111) of a coat will improve, a reduction of coefficient of friction can be aimed at. For this 
reason, a sliding property can be raised collectively. 



[Translation done.] 
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